Abstract. The Rho-GTPase-activating protein, deleted in liver cancer-1 (DLC1), has been reported to be a tumor suppressor. However, the prognostic value of DLC1 in gastric cancer (GC) remains to be fully elucidated. Fluoropyrimidine-oxaliplatin (FP-LOHP) combination therapy has been widely used for the adjuvant chemotherapy of GC, however, no reliable marker has been identified to determine its efficiency. Thus, the present study performed a retrospective investigation involving 251 patients with stage IB-III GC, who received adjuvant chemotherapy following radical resection and 37 patients with stage IV GC, who underwent palliative resection. The expression of DLC1 was found to be reduced in the majority of GC samples (212/288 pairs of samples), compared with normal mucosa, in immunohistochemical analyses. Lower expression levels of DLC1 indicated a more advanced tumor-node-metastasis stage, increased lymph node metastasis, deeper tumor invasion, increased tumor size and a higher rate of distant metastasis. By contrast, relatively increased expression levels of DLC1 indicated a longer time to recurrence (TTR) [hazard ratio (HR), 2.232; P=0.004] and overall survival (OS) rate (HR, 2.910; P=0.001). Patients receiving FP-LOHP adjuvant chemotherapy were significantly less likely to suffer GC recurrence (P=0.001) and succumb to mortality (P=0.004), compared with those who received alternative chemotherapies. However, only the patients with DLC1-positive GC receiving FP-LOHP [DLC1 (+)/FP-LOHP (+)] exhibited a more favorable TTR and OS, compared with the patients with DLC1 (+)/FP-LOHP (-) 
Introduction
Gastric cancer (GC) is the fourth most common type of malignant tumor and the second leading cause of cancer-associated mortality worldwide (1) . Although classic histopathological classifications have been used to predict the treatment outcomes and prognoses of GC, the survival and recurrence rates vary within individual histological classifications, which is possibly attributable to genetic heterogeneity. Extensive radical resection is the standard treatment for local stage GC, and adjuvant chemotherapy is recommended for patients with operable GC (2) . However, the high recurrence rate remains the most common cause for treatment failure (3, 4) . Thus, levels of sensitivity towards treatment differ significantly among patients with GC. At present, no reliable biomarkers have been identified for the assessment of the therapeutic effects of adjuvant chemotherapy in GC. In particular, no biomarkers predictive of the treatment outcome of fluoropyrimidine (fluorouracil or capecitabine) and oxaliplatin (FP-LOHP) combination therapy, widely used for GC adjuvant chemotherapy, are known.
Deleted in liver cancer-1 (DLC1) is a GTPase-activating protein, which exerts tumor suppressor activities (5, 6) , and was first identified to be downregulated or deleted in ~50% of primary hepatocellular carcinomas (7) . Consistently, the mRNA levels of DLC1 have been reported to be reduced in various types of cancer (8, 9) , including lymphomas (10), colorectal cancer (11) and gastric cancer (12) . In previous studies, silencing of DLC1 has been demonstrated to promote cell proliferation (13, 14) and migration (13, 15) , while restoration of the expression of DLC1 inhibits cell migration (16) (17) (18) , proliferation and carcinogenesis (16) . Although the protein expression status of DLC1 in GC, and its prognostic value, particularly in GC adjuvant chemotherapy, remain to be fully elucidated, DLC1 deficiency has been identified in GC cell lines (12) . By contrast, low levels of DLC1 have been reported to indicate adverse prognosis in urothelial carcinoma (19) , oral squamous cell carcinoma (20) , lung cancer (21), cutaneous melanoma (22) and ovarian carcinoma (23) . In addition, it has been previously reported that low expression levels of DLC1 are associated with chemoresistance of etoposide and carboplatin in lung cancer (24) . This suggests that the expression status of DLC1 in GC may determine prognosis by affecting the responses to certain chemotherapeutic agents. Taking these results into account, the present study hypothesized that the protein expression levels of DLC1 are downregulated in GC and these levels correlate with an adverse prognosis. The present study investigated whether the levels of DLC1 contributed to the treatment outcome of certain chemotherapeutic agents. Accordingly, immunohistochemical staining was used to examine the protein expression levels of DLC1 in GC and in the corresponding normal mucosa samples, and the relevance of DLC1 to the clinicopathological characteristics, survival rates, recurrence and clinical outcome of the adjuvant chemotherapy were analyzed.
Materials and methods
Patient follow-up and tissue samples. The present study was approved by the Ethics Review Board of Nanfang Hospital, Southern Medical University (Guangzhou, China). Samples for diagnostic purposes were obtained with the written informed consent of each patient. The tissue samples were obtained from patients during surgical resection between 2000 and 2011 and were fixed in formalin and embedded in paraffin at Nanfang Hopsital. A total of 288 pairs of GC samples and matched para-cancerous tissues were obtained from patients diagnosed with GC by histopathological examination in Nanfang Hospital between 2000 and 2011. The clinical stages of the tumors were defined according to the National Comprehensive Cancer Network Guidelines (http://www.nccn.org/; Version 1.2014, Gastric Cancer). Patient follow-up included time to recurrence (TTR) and/or overall survival (OS) rates. TTR was defined as the time from the date of surgical resection to the date of recurrence, detected by magnetic resonance imaging (Achieva 3.0T; Philips, Amsterdam, Holland) or computed tomography (Brilliance iCT; Philips, Amsterdam, Holland), while OS was calculated from the time of surgery to the time of GC-specific mortality. Mortality resulting from other causes was defined as a censored event. All of the data were obtained from hospital records or telephone follow-up. The patients (stage IB-III) received different therapeutic regimens: Epirubicin, cisplatin and fluorouracil (n=23); fluorouracil (n=61); capecitabine (n=20); paclitaxel and cisplatin (n=32); docetaxel and cisplatin (n=11); oxaliplatin and fluorouracil (n=63); oxaliplatin and capecitabine (n=41).
Immunohistochemistry. The 4-µm-thick tissue sections, cut using a microtome (RM2235; Leica Microsystems GmbH, Wetzlar, Germany) were deparaffinizated in dimethyl-benzene subsequent to incubation at 55˚C for 2 h, then were washed successively with 100%, 95%, 90%, 80% and 70% ethanol. Following three washes with phosphate-buffered saline (PBS), antigen retrieval was performed by boiling the sections in 0.01 M sodium citrate-hydrochloric acid (pH 6; Guangzhou Tuo Ke Da Biological Technology, Co., Ltd. (Guangzhou, China) for 3 min in a high pressure cooker (W12PCH402E; Meidi, Co., Ltd., Wuhan, China). The sections were cooled for 15 min at 37˚C and were washed again in PBS. Endogenous peroxidase was inactivated by incubating the samples in 3% hydrogen peroxide for 10 min, prior to incubation of the samples at 4˚C overnight with a primary rabbit polyclonal antibody against DLC1 (1:100; Abcam, Cambridge, MA, USA) in a humidified chamber. Sodium citrate hydrochloric acid (Guangzhou Tuo Ke Da Biological Technology, Co, Ltd.) was dissolved in 2,000 ml distilled water (to pH 6.0) during antigen retrieval Tissues were then incubated with the universal IgG antibody conjugated to horseradish peroxidase (Beijing Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China) for 30 min at 37˚C, followed by washing again with PBS. Diaminobenzidine solution (5%; Beijing Kang Wei Shi Ji Biological Technology, Co., Ltd., Beijing, China) was used for color development. Finally, the sections were rinsed in distilled water, counterstained with hematoxylin (Beijing Ding Guo Chang Sheng Biological Technology, Co., Ltd., Beijing, China), dehydrated with ethanol and were mounted with transparent cover slips. For the negative control samples, the primary antibody was replaced with PBS.
Evaluation of immunohistochemical observations. Two pathologists evaluated the immunoreactivity scores of DLC1 in a blinded-manner. The immunoreactivity scores were calculated by multiplying the scores of the extent and intensity of staining. Based on the average percentage of positively stained cells/100 tumor cells in 10 high-power fields (BX51TRF; Olympus Corporation, Toyko, Japan), the extent of staining was scored as follows: 0 (0-10%), 1 (11-25%), 2 (26-50%), 3 (51-75%) and 4 (>75%). The intensity of staining was scored as follows: 0 (negative), 1 (pale yellow), 2 (yellow or deep yellow) and 3 (brown or dark brown). The samples were divided into two groups according to the total scores: DLC1-negative (score of 0-5) and DLC1-positive (score of 6-12).
Statistical analysis. SPSS software, version 19.0 (IBM SPSS, Armonk, NY, USA) was used to perform statistical analyses. A χ 2 test was used to assess the associations between clinicopathologic parameters and the expression of DLC1. DLC1 staining score comparisons were analyzed using one-way analysis of variance or Student's t-test. The Kaplan-Meier method was performed to evaluate the survival curve, constructed using GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA), and a log-rank test was used to estimate differences between the survival curves. Univariate and multivariate analyses, using Cox proportional hazard regression, were performed to investigate the risk factors of mortality and recurrence. All P-values were two-tailed and P<0.05 was considered to indicate a statistically significant difference.
Results

Patient characteristics.
A total of 288 patients were followed up for OS, which comprised 251 patients with stage IB-III GC and 37 patients with stage IV GC. The 251 patients with stage IB-III GC that underwent D2 gastrectomy and postoperative adjuvant chemotherapy were followed up for TTR. None of these patients received chemoradiation or preoperative chemotherapy. Among the patients who received adjuvant chemotherapy, 104 received FP-LOHP adjuvant chemotherapy, while the remaining 147 received regimens, which did not involve FP-LOHP combination (Fig. 1A ). The ages of the patients ranged between 25 and 85 years (median, 52 years). The follow-up durations ranged between 0.5 and 79.0 months (median, 26.3 months). The clinicopathological characteristics of the patients are presented in Table I .
Expression levels of DLC1 lower in GC samples, compared with normal gastric mucosa. The protein expression status of DLC1 was detected using immunohistochemistry in all pairs of paraffin-embedded GC samples and matched para-cancerous gastric tissues. Representative staining examples of normal gastric tissues and DLC1-positive and -negative GC tissues are presented in Fig. 1 . It was revealed that DLC1 was predominantly Table I . Expression of DLC1 and clinicopathological parameters in 288 patients with stage IB-IV gastric cancer. High and low expression were determined as total immunoreactivity scores of 0-5 and 6-12, respectively. a χ 2 test, P<0.05 was considered statistically significant. DLC1, deleted in liver cancer-1; TNM, tumor-node-metastasis. N0, no regional lymph node metastasis; N1, metastasis in 1-2 regional lymph nodes; N2, metastasis in 3-6 regional lymph nodes; N3, metastasis in seven or more regional lymph nodes; T1, tumor invades lamina propria, muscularis mucosae or submucosa; T2, tumor invades muscularis propria; T3, tumor penetrates subserosal connective tissue without invasion of visceral peritoneum or adjacent structures; T4, tumor invades serosa (visceral peritoneum) or adjacent structures; M0, no distant metastasis; M1, distant metastasis. 
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expressed in the cytoplasm, and the immunoreactivity score of DLC1 was significantly lower in the majority of the pairs of GC samples, compared with the matched para-cancerous tissues [73.61%; 212/288); P<0.001). As shown in Fig. 2A , DLC1 deficiency was more frequently observed in GC (75.69%; 218/288), compared with the corresponding noncancerous gastric tissues (21.18%; 61/288; P<0.001).
Expression of DLC1 decreases with the progression of GC.
In order to elucidate the role of DLC1 in the progression of GC, the association between the levels of DLC1 and the clinicopathological characteristics of the patients was evaluated. Using a χ 2 test, the expression level of DLC1 was be correlated with the tumor-node-metastasis (TNM) stage (P<0.001; Fig. 2A) , level of lymph node metastasis (P<0.001; Fig. 2B ), tumor invasion (P=0.004; Fig. 2C ), tumor size (P<0.001; Fig. 2D ) and distant metastasis (P=0.04; Fig. 2E ). By contrast, no statistical significance was observed in the association between the expression of DLC1 and tumor differentiation status (P=0.098) (Fig. 2F) , age (P=0.814; HR, hazard ratio; CI, confidence interval; DLC1, deleted in liver cancer-1; TNM, tumor-node-metastasis; N0, no regional lymph node metastasis; N1, metastasis in 1-2 regional lymph nodes; N2, metastasis in 3-6 regional lymph nodes; N3, metastasis in seven or more regional lymph nodes; T1, tumor invades lamina propria, muscularis mucosae or submucosa; T2, tumor invades muscularis propria; T3, tumor penetrates subserosal connective tissue without invasion of visceral peritoneum or adjacent structures; T4, tumor invades serosa (visceral peritoneum) or adjacent structures; M0, no distant metastasis; M1, distant metastasis. Fig. 2H ). In addition, the overall expression level of DLC1 was observed to be significantly reduced in the GC tissues, compared with the paired normal tissues (Fig. 3A) . GC tissues of a more advanced TNM stage (Fig. 3A) , with increased lymph node metastasis (Fig. 3B) , infiltration (Fig. 3C), tumor sizes (Fig. 3D ) and distant metastasis (Fig. 3E ) exhibited lower expression levels of DLC1 expression levels. However, the tumor differentiation scores were not significantly different (P= 0.116; Fig. 3F ). The results obtained suggested that DLC1 tended to reduce during the progression of GC. The present study subsequently investigated the association between treatment outcome and the expression of DLC1.
Reduced expression of DLC1 indicates poor prognosis of GC.
To investigate the prognostic value of the expression of DLC1 in GC, univariate and multivariate analyses were performed. Univariate analysis revealed that tumor size (P<0.001), tumor differentiation (P<0.001), TNM stage (P<0.001), tumor invasion (P<0.001), lymph node metastasis (P<0.001) and the expression of DLC1 (P<0.001) were correlated with GC recurrence (Table II) . In addition, tumor size (P<0.001), tumor differentiation (P<0.001), TNM stage (P<0.001), tumor invasion (P<0.001), lymph node metastasis (P<0.001) and the expression of DLC1 (P<0.001) significantly affected the mortality rates of patients with GC (Table III) . When these parameters were included in the multivariate analysis, the expression of DLC1 remained a clear independent indicator of rates of recurrence (P=0.004; Table IV ) and mortality (P=0.001; Table V) . The relative risks of GC recurrence [hazard ratio (HR), 2.232; 95% confidence interval (CI), 1.295-3.847], presented in Table IV , and mortality (HR, 2.910; 95% CI, 1.543-5.488], presented in Table V , in patients with DLC1-negative GC were 2-fold higher, compared with those in DLC1-positive patients. The above data suggested that the DLC1 deficiency, detected using immunohistochemistry, is predictive of a higher risk of recurrence and mortality in patients with GC.
To further examine the effect of negative expression of DLC1 on GC recurrence and mortality rates, TTR and OS were evaluated using Kaplan-Meier survival analysis. In the 251 patients with stage IB-III GC, TTR was significantly shorter in patients with DLC1-negative GC, compared with those with DLC1-positive GC (estimated 3-year recurrence-free survival rates, 30.1, vs. 73.4%, respectively; Fig. 4A ). In addition, in the 288 patients with stage IB-IV, those with DLC1-negative GC demonstrated significantly shorter OS rates, compared with those with DLC1-positive GC (estimated 5-year OS rate, 21.2, vs. 62.8%; Fig. 4B ). Stratified analysis was also performed to evaluate the effect of DLC1 on OS in patients with stage IB-III GC, who received radical resection and those with stage IV GC, who underwent palliative surgery. DLC1 deficiency was indicative of reduced survival rates in patients with stage IB-III (Fig. 4C ) and stage IV (Fig. 4D) . Among the patients with DLC1-negative GC, the median TTR in those with stage IB-III GC was 26.0 months and the median OS in the patients with stage IB-IV GC was 36.0 months. However, more than half of the patients with DLC1-positive stage IB-III cancer remained relapse-free at the end of the follow-up.
High expression levels of DLC1 indicate improved treatment outcome of FP-LOHP as an adjuvant chemotherapy.
FP-LOHP is widely used as an adjuvant chemotherapy for GC. However, the sensitivity to FP-LOHP varies significantly among patients and, currently, there is no reliable biomarker available to predict the clinical response to this combination therapy. Therefore, the present study aimed to elucidate whether the expression levels of DLC1 affect the clinical outcome of FP-LOHP. In the present study, samples from 251 patients with stage IB-III GC were used. The median duration and rate of 3-year non-recurrence and 5-year survival rates for each group are presented in Table IV . Over half of the patients with DLC1-positive GC, who received FP-LOHP adjuvant chemotherapy [DLC1 (+)/FP-LOHP (+)] were recurrence-free at 3 years (89.6%), with a 5-year-surival rate for DLC1-positive GC of 69.0%, accordingly, the median durations of non-recurrence and survival was not determined (Table IV) .
In the Kaplan-Meier analysis, patients receiving FP-LOHP as an adjuvant chemotherapy had lower rates of GC recurrence (Fig. 5A) and mortality (Fig. 5B) , compared with those who underwent the alternative therapies. However, only the patients in the DLC1-positive group, who received FP-LOHP adjuvant chemotherapy [DLC1 (+)/FP-LOHP (+)] exhibited more favorable TTR (Fig. 5A) and OS (Fig. 5B ) results, compared with those receiving the alternative chemotherapies Table VI . Efficiency of DLC1/FP-LOHP as an adjuvant chemotherapy for gastric cancer. 
Discussion
In the present study, the expression levels of DLC1 in GC samples and adjacent normal mucosa samples were assessed using immunohistochemistry. To the best of our knowledge, the present study is the first to investigate the prognostic significance of the protein level of DLC1 in GC. DLC1 was identified to be significantly lower in the GC samples, compared with the normal gastric mucosa, particularly in tumors of later disease stages, with increased invasion, lymph node metastasis and distant metastasis. Patients with DLC1-negative GC exhibited shorter survival rates and higher risks of recurrence. By contrast, favorable outcomes of FP-LOHP adjuvant chemotherapy were observed only in the patients with DLC1-positive GC. In previous studies, DLC1 has been reported to be a tumor suppressor, and its low level of expression indicates undesirable prognoses in numerous types of cancer (19) (20) (21) (22) (23) . Loss of DLC1 has been reported to enhance cell growth (13, 14) , migration (13, 15) and angiogenesis during tumorigenesis (25) . Restoration of silenced DLC1 gene has been demonstrated to inhibit migration (16) (17) (18) and invasion (17, 18) , induce apoptosis (16) in vitro and suppress progression and metastasis in vivo (17) . However, at present, the prognostic value of DLC1 in GC remains to be fully elucidated. In the present study, DLC1 deficiency was more frequently observed in cases of GC with larger tumor size, more pronounced invasion, later TNM stage, and higher risks of local lymph node metastasis and distant metastasis. The above data indicated that DLC1 deficiency may be important in the process of tumor progression in GC. The present study also demonstrated that patients with DLC1-negative GC exhibited increased risks of tumor recurrence following radical resection and subsequent adjuvant chemotherapy. In addition, patients with DLC1-negative GC exhibited significantly shorter survival times, compared with those with DLC1-positive GC. These observations, consistent with previous studies in other malignances (19-23), indicated that negative expression of DLC1 predicts an undesirable prognosis in GC, which may be, in part, due to its potential involvement in the process of tumorigenesis and tumor progression.
The FP-LOHP combination has been widely applied in the treatment of GC, particularly in postoperative chemotherapy. The treatment inefficiency of this combination significantly increases the risk of postoperative recurrence in locally advanced GC. To the best of our knowledge, the present study is the first to indicate DLC1 as a novel biomarker, predictive of the treatment outcome of FP-LOHP adjuvant chemotherapy. The observations of the present study suggested that only patients with DLC1-positive expression benefit from FP-LOHP adjuvant chemotherapy. Thus, detection of the expression of DLC1 may be useful in predicting the treatment outcome of FP-LOHP adjuvant chemotherapy. However, this hypothesis requires validation by further investigations.
In conclusion, the present study demonstrated the prognostic value of DLC1. The expression of DLC1 reduced during the progression of GC, indicating high risks of recurrence and mortality. The clinical outcome from FP-LOHP adjuvant chemotherapy was improved only in DLC1-positive patients with locally advanced GC. In conclusion, DLC1 may be a potential biomarker, indicating the therapeutic effect of FP-LOHP on the clinical outcome of GC. A B
